Depression of postsynaptic potentials by high-frequency stimulation in embryonic motoneurons grown in spinal cord slice cultures.
1. In embryonic cocultures of spinal cord, dorsal root ganglia, and muscle, excitatory postsynaptic potentials (EPSPs) were recorded in motoneurons during focal electrical stimulation of the dorsal root ganglia or the spinal cord. 2. EPSPs were depressed in amplitude at high-frequency stimulation relative to a control frequency of 0.5 Hz by 47 and 75% at 5 and 10 Hz, respectively. This was true for composite EPSPs and unitary EPSPs. 3. The depression showed a wide range of variability between individual experiments. The degree of depression at 5 Hz was negatively correlated to the rate of spontaneous excitatory input the motoneurons received. There was no correlation to the soma size, the average amplitude of the EPSPs, the rheobase, or the input resistance of the motoneurons. 4. An increase in latency of EPSPs was observed concomitant with or preceding the synaptic depression in most experiments. Total transmission failures, which were absent at low-frequency stimulation, appeared during depression. 5. Large incremental steps in amplitude could be seen during depression, suggesting that several release sites were switched off and on together. 6. Decreasing the extracellular calcium concentration from 5 to 1 mM led to a decrease in the frequency sensitivity of the synaptic efficacy and to a decrease of the EPSP amplitude and latency. 7. Measurements of the antidromic conduction of action potentials evoked in the axons and recorded in the somata of dorsal root ganglion cells revealed an increase in latency and the appearance of conduction failures at stimulation frequencies of 1-10 Hz. The frequency modulation of conduction was decreased in 1 mM compared with 5 mM external calcium. 8. Together these findings suggest that conduction failures in the presynaptic axons contribute to the synaptic depression of EPSPs in embryonic motoneurons.